Introduction
The TRIUL4F cyclotron accelerates more than 130 iA of negative hydrogen ions to 520 MeV. Recently we have studied several schemes to take the beam from TRIUMF and accelerate it to energies above 8 GeV to produce copious beams of secondary particles K, p and V. We have considered post accelerators based on synchrotrons and also on a cyclotron or series of cyclotrons. Cyclotron post accelerators have the advantage that their time structure is completely compatible with the TRIUIF beam. The reference design consists of two isochronous superconducting ring cyclotrons. The first would accelerate the protons to 3.5 GeV,l the second to 9, 12 or 15 GeV. In this report we consider the optics of two proposed versions of this second stage (see Table I ): a 30-sector 9 GeV and a 42-sector 12 GeV cyclotron. A plan view of the 12 GeV machine is shown in Fig. 1 .
Characteristics of the final stage. 
Half-integral Resonances
Here the increase in radial amplitude is linearly dependent on the amplitude entering the resonance. The effect is to stretch the radial phase space and produce a subsequient mismatch between the phase space and cyclotron acceptance. Again we assume single turn conditions and no precessional mixing. GOBLIN runs show that a gradient 0.1 G/cm 15th harmonic introduced where vr=7.5 stretches the ellipse by 10% and a gradient 0.4 G/cm 31st harmonic introduced where vr= 15.5 stretches the ellipse by 5%. Calculations based on equilibrium orbit transfer matrices yield amplitude gains of only 0.1% in either case. Furthermore, we find from GOBLIN runs that the amplitude gain is proportional to the size of the imperfection gradient of the magnetic field while the standard theory (eg. Gordon ) predicts that the amplitude gain is proportional to the square of the size of the imperfection gradient. The discrepancy occurs because the amplitude growth is caused by a non-adiabatic mismatch between the beam phase space ellipse and the stable 'static' ellipse which stretches considerably before and after the n/2 stop band. GOBLIN runs were also made for an isochronous but axially non-focusing cyclotron with no flutter (B=(l-r2)-1/2 in c.u.). To reduce the driving term the 30th harmonic was smoothed numerically to give a zero second derivative over 20 mm around vr=10. CYCLOP showed that the change in tune was less than 0.7 in vz and 0.5 in vr. The results of tracing particles through this modified field are shown in Fig. 3 
